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Abstract We present material of the family Hyaenidae from
Cooper’s Cave, an early Pleistocene (ca 1.5Ma) fossil-bearing
site in Gauteng, South Africa. This site is exceptionally rich in
Carnivora, including five species of Hyaenidae: Chasma-
porthetes nitidula, Crocuta ultra, Parahyaena brunnea,
Hyaena hyaena and cf. Proteles sp. This diversity is greater
than that of the entire family in the modern fauna and is
matched at other sites in the vicinity of Cooper’s Cave.
This raises issues about time averaging and the carrying
capacity of the palaeoenvironment that require resolution
if we are to properly understand the environments in which
Paranthropus robustus, present at Cooper’s Cave, and other
early hominins evolved. In addition, the presence of several
hyaenid species with bone-eating/collecting capabilities
raises questions about the identity of the accumulators of
fossil bone assemblages that have yet to be fully resolved.
Keywords Hyaenidae . Cooper’s Cave .
Palaeoenvironment . Cradle of Humankind
Introduction
The fossil record shows that species richness in the Plio-
Pleistocene was far greater than it is today. Carnivorans, in
particular, appear to have had a much greater diversity in
eastern Africa until at least 1.5 million years ago (Ma)
(Werdelin and Lewis 2005, 2013a). Of particular interest is
how hominins coexisted in the palaeoenvironment with a
more diverse carnivoran guild. One school of thought is that
hominins were scavenging from predators (Blumenschine
et al. 1994), while others theorize that the hominins were the
primary agents of carcass exploitation (Domínguez-Rodrigo
2002). Hyaenids are one of the major accumulating agents of
faunal assemblages commonly associated with the South
African hominin Plio-Pleistocene cave deposits (Brain 1981).
Some have attempted to identify criteria for distinguishing be-
tween hominin- and hyaena-collected faunal assemblages
(Cruz-Uribe 1991; Pickering 2002), but these specific criteria
have been shown to be ineffective when taking into account the
behaviours of all three extant bone collecting hyaenids (Kuhn
et al. 2010; Kuhn 2011). Current research on modern hyaena
accumulations indicates that an individual assemblage is a re-
flection of the animal community inhabiting the immediate
region (Kuhn 2005, 2011; Kuhn et al. 2008). Thus, if one
establishes hyaenids as contributing to the collection of a
fossil faunal assemblage, one can infer that the species make-
up of the assemblage (during that period) reflected the
palaeoenvironment.
Cooper’s Cave is one of many hominin-bearing sites locat-
ed in the UNESCO Sterkfontein, Swartkrans, Kromdraai and
Environs World Heritage Site, South Africa. Known as a
fossil-bearing site since 1939 (Shaw 1939, 1940; Berger
et al. 2003), this site is made up of three distinct deposits,
Cooper’s A, B and D (Berger et al. 2003; see also de Ruiter
et al. 2009). While the site of Cooper’s Cave has produced
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hominin material, it is more renowned for its highly diverse
non-hominin remains, the bulk of which comes from the
Cooper’s D deposits (Berger et al. 2003; de Ruiter et al.
2009). The west side of the deposit is about 1.2 m deep, and
moving towards the east, the deposits are 2.2 m deep. The
current length of this specific locality is 15 m. The width of
the Cooper’s D is 1.8 m at its widest point. To date, the site has
fossils of 17 species of large carnivore from the families of
Canidae, Felidae and Hyaenidae (de Ruiter et al. 2009).
Included in these 17 species are five from the family
Hyaenidae. The majority of specimens from Cooper’s D are
dated between 1.5 and 1.4 Ma, via uranium-lead (U-Pb) dat-
ing (de Ruiter et al. 2009). The identification of the five spe-
cies of hyaenid from Cooper’s Cave illustrates an overlap
between all four extant hyaenid genera in the Plio-Pleistocene.
Here, we examine the fossil Hyaenidae from Cooper’s
Cave and compare the results with other African fossil de-
posits. In addition, we will discuss the palaeoenvironmental
implications of having so many members of the order
Carnivora and, in particular, five members of the family
Hyaenidae, on the landscape during the same time period.
Materials and methods
Hyaenidae specimens were compared to extant and fossil col-
lections housed at the Palaeosciences Centre, University of the
Witwatersrand, as well as collections from the Ditsong
National Museum of Natural History in Pretoria and speci-
mens from eastern Africa (studied by LW). All measurements
are in millimetres (for definition of measurements, see von
den Driesch 1976).
A total of 81 specimens from Cooper’s Cave have been
identified to the family Hyaenidae (Table 1). Of these, five
are from Cooper’s A and the rest from Cooper’s D. Nearly
all of these remains are isolated teeth, bones of the feet, or
fragments of limb bones. Only a few of the specimens are
associated. This presents particular problems in taxonomic
identification. While dental elements of striped hyena
(Hyaena hyaena) can be identified on the basis of their smaller
size and less robust morphology and cheek teeth of
Chasmaporthetes spp. can be identified by their aberrant (for
a hyaenid) morphology (Kurtén and Werdelin 1988), the den-
titions of brown (Parahyaena brunnea) and spotted (Crocuta
spp.) hyenas are, with the exception of the carnassials, very
similar in morphology and overlap in size. Thus, among the
isolated teeth, normally, only the carnassials can be positively
identified as belonging to either of these two species.
The same is broadly true of the postcranial remains, where
bones of striped hyena can be identified by their smaller size
(in adult individuals). However, there is considerable overlap
in size between Chasmaporthetes spp., Parahyaena brunnea
and Crocuta spp., so that size alone is not a useful criterion for
taxon identification. Identifying taxa by postcranial morpholo-
gy requires extensive comparative samples, which we did not
have access to and relatively complete fossil specimens, which
is not the case with the Cooper’s Cave material. Only a few
specimens could be positively identified to taxon. We have
assigned the remainder to Parahyaena or Crocuta. Although
it is possible that some postcranial specimens pertain to
Chasmaporthetes spp., this taxon is generally rare and, at
Cooper’s Cave, known from only a single tooth. We have here
made the assumption that, pending more detailed study, none of
the postcranial specimens belong to Chasmaporthetes spp.
The following abbreviations are used: specimens from
Cooper’s A (CA), specimens from Cooper’s D (CD), length
(L), width (W), talonid length of m1 (Lt), greatest length (GL),
proximal (Prox) and distal (Dist).
Systematic palaeontology
Family Hyaenidae Gray, 1821
Subfamily Hyaeninae Gray, 1821
Genus Chasmaporthetes Hay, 1921
Chasmaporthetes nitidula (Ewer, 1955)
Material: A single specimen represents the genus
Chasmaporthetes. Specimen CD 8301 (Fig. 1a–c) is a
complete left P2 with slight wear, L 17.8 and W 11.9. The
specimen has both mesial and distal cusps, the latter being
noticeably larger. The characteristics are similar to those of
European Chasmaporthetes, and the well-developed mesial
accessory cusp seen here is characteristic of Chasmaporthetes
nitidula. Metrically, this specimen falls at the edge of other
known Chasmaporthetes specimens (Fig. 2a).
Genus Crocuta Erxleben, 1777
Crocuta ultra Ewer, 1955
Material: Material that we identify to this species includes the
following: CD 1493 and CD 1531, which conjoin to form a
complete left P3: L 22.6 and W 16.6 (Fig. 1d–f). Metrically,
this specimen falls in the area of overlap betweenCrocuta spp.
and Parahyaena (Fig. 2b), but the reduced distal accessory
cusp, in particular, identifies it asCrocuta; CD 3207, complete
left P2, the crown of the specimen is worn: L 15.7 andW 11.7.
We identify this poorly preserved specimen as C. ultra based
on the relative size and position of the accessory cusps. It is
metrically positioned within the range of variation of extant
C. crocuta; CD 6752, partial right P4: L 22.1. Another poorly
preserved specimen, identified as C. ultra based on its relative
(reconstructed) slenderness; CD 7300, left P2 lacking the root.
The relative sizes and positions of the accessory cusps identify
this specimen as C. ultra, and it also falls metrically with
Crocuta (Fig. 2a).
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Table 1 Hyaenidae specimens from Cooper’s Cave and their accession numbers and coordinates (N, E and Z) where they were found within the sites
Species Element Accession number E N Z
Chasmaporthetes nitidula P2 CD 8301 682.95 228.38 1465.33
Crocuta ultra P3 CD 1493/CD 1531 673.92/679.96 227.38/227.35 1464.74/1464.75
Crocuta ultra P2 CD 3207 680.95 231.34 1464.48
Crocuta ultra P4 CD 6752 676.31 229.6 1465.44
Crocuta ultra P2 CD 7300 680.54 228.76 1464.04
cf. Crocuta sp. M1 CD 1518 679.96 227.35 1464.75
cf. Crocuta sp. P4 CD 1536 679.84 227.41 1464.78
cf. Crocuta sp. Navicular CD 1602 679.66 227.16 1464.59
cf. Crocuta sp. Maxilla CD 5956 679.17 226.75 1464.22
cf. Crocuta sp. C CD 8506 682.93 228.9 1465.06
cf. Crocuta sp. Astragalus CD 9116
Parahyaena brunnea P4 CD 3218 681.00 231.41 1464.35
Parahyaena brunnea P4 CD 3276 679.27 227.05 1463.17
Parahyaena brunnea P4 CD 5966 679.33 226.56 1464.20
Parahyaena brunnea Maxilla (with P1 and P2) CD 8284 683.66 227.74 1465.11
Parahyaena brunnea Maxilla (with P2 and P3) CD 8286 682.98 228.93 1465.44
Parahyaena brunnea Mandible, w/ P2 and P3 CA 19327 722.08 249.56 1469.10
Parahyaena brunnea M1 CD 19400 721.58 247.59 1469.57
cf. Parahyaena sp. P3 CD 7334 678.41 224.36 1465.24
cf. Parahyaena sp. P4 CD 8627 684.07 227.92 1465.09
cf. Crocuta sp. or cf. Parahyaena sp. Ulna CD 035 679.40 224.51 1465.35
cf. Crocuta sp. or cf. Parahyaena sp. Medial phalanx CD 614 681.72 226.95 1465.49
cf. Crocuta sp. or cf. Parahyaena sp. Proximal phalanx CD 633 679.48 226.93 1464.88
cf. Crocuta sp. or cf. Parahyaena sp. Proximal phalanx CD 643 671.23 226.10 1465.05
cf. Crocuta sp. or cf. Parahyaena sp. Distal phalanx CD 696 682.19 229.32 1464.90
cf. Crocuta sp. or cf. Parahyaena sp. I2 CD 709 681.35 228.34 1465.02
cf. Crocuta sp. or cf. Parahyaena sp. Distal phalanx CD 1513 679.96 227.35 1464.75
cf. Crocuta sp. or cf. Parahyaena sp. Radius CD 1527 671.95 225.16 1464.78
cf. Crocuta sp. or cf. Parahyaena sp. Medial phalanx CD 1616 679.78 226.92 1466.22
cf. Crocuta sp. or cf. Parahyaena sp. Distal phalanx CD 1950
cf. Crocuta sp. or cf. Parahyaena sp. M1 CD 1951 679.51 226.89 1464.31
cf. Crocuta sp. or cf. Parahyaena sp. Proximal phalanx CD 3214 680.31 227.63 1464.59
cf. Crocuta sp. or cf. Parahyaena sp. Distal phalanx CD 3270 679.78 226.86 1464.30
cf. Crocuta sp. or cf. Parahyaena sp. Proximal phalanx CD 3285 679.73 226.85 1464.31
cf. Crocuta sp. or cf. Parahyaena sp. Radius CD 3713 681.19 231.14 1464.37
cf. Crocuta sp. or cf. Parahyaena sp. Medial phalanx CD 3838 680.84 227.18 1464.24
cf. Crocuta sp. or cf. Parahyaena sp. Proximal phalanx CD 3848 678.32 225.49 1464.11
cf. Crocuta sp. or cf. Parahyaena sp. I3 CD 3866 678.42 225.89 1464.17
cf. Crocuta sp. or cf. Parahyaena sp. Distal phalanx CD 3892
cf. Crocuta sp. or cf. Parahyaena sp. Medial phalanx CD 3894 681.36 229.78 1464.45
cf. Crocuta sp. or cf. Parahyaena sp. Medial phalanx CD 5705 681.05 226.63 1464.09
cf. Crocuta sp. or cf. Parahyaena sp. Proximal phalanx CD 5726 680.86 229.33 1464.13
cf. Crocuta sp. or cf. Parahyaena sp. Proximal phalanx CD 5934 675.48 229.68 1465.53
cf. Crocuta sp. or cf. Parahyaena sp. Distal phalanx CD 5950 675.82 229.79 1465.57
cf. Crocuta sp. or cf. Parahyaena sp. Proximal phalanx CD 6766 680.54 228.71 1464.03
cf. Crocuta sp. or cf. Parahyaena sp. I3 CD 6813 678.71 222.58 1465.62
cf. Crocuta sp. or cf. Parahyaena sp. Medial phalanx CD 7337 672.53 223.48 1464.11
cf. Crocuta sp. or cf. Parahyaena sp. I3 CD 7368 680.54 228.76 1464.04
cf. Crocuta sp. or cf. Parahyaena sp. Unciform CD 8295 680.59 228.64 1464.04
Palaeobio Palaeoenv
cf. Crocuta sp.
Material: CD 1518, paraconid of a left M1; CD 1536, partial
right P4: L 15.4,W 9.7; CD 1602, complete left navicular; CD
5956, partial left maxilla including the alveolus of P4; CD
8506, right C1: L 15.1 W 11.8; CD 9116, complete left astrag-
alus: GL 33.0. All of these specimens are more similar to
Crocuta spp. than to Parahyaena but remain somewhat ambig-
uous. The navicular is nearly identical to one described from
the Koobi Fora Formation of Kenya (Werdelin and Lewis
2013b), but lack of comparative material of Parahyaena pre-
cludes definitively assigning it to the former taxon.
Genus Parahyaena Hendey, 1974
Parahyaena brunnea Thunberg, 1820
Material: CD 3218, left P4 showing extreme wear: L 37.8, Wa
19.3 and Wbl 11.8. This specimen has the metastyle length of
Parahyaena (longer thanHyaena, shorter and less straight than
Crocuta) and is a relatively small representative of the extant
species (Fig. 2c); CD 3276, complete left P4; CD 5966, dam-
aged mesial part of right P4. The large protocone of this spec-
imen clearly places it in Parahyaena; CD 8284 and CD 8286,
left and right sides, respectively, of a maxilla: CD 8284 in-
cludes C1 root, complete P1 and P2: LP1 5.4, WP1 6.0, LP2
17.3 and WP2 11.8, while CD 8286 (Fig. 1h–j) includes com-
plete P2 and P3: LP2 17.5, WP2 11.8, LP3 22.7 and WP3 16.1.
Both P2 show a clear Parahyaena morphology with distinct
distal accessory cusps; CA 19327, left mandible broken in three
pieces and including P3 and P4: LP3 20.3, WP3 14.6, LP4 23.6
and WP4 14.5. The P4 lies metrically within the range of
Table 1 (continued)
Species Element Accession number E N Z
cf. Crocuta sp. or cf. Parahyaena sp. Metacarpal V CD 8489 683.49 227.35 1464.92
cf. Crocuta sp. or cf. Parahyaena sp. Ulna CD 8766 683.91 227.83 1465.05
cf. Crocuta sp. or cf. Parahyaena sp. Distal phalanx CD 8998 683.51 227.75 1464.83
cf. Crocuta sp. or cf. Parahyaena sp. Metacarpal V CD 9128 683.36 227.72 1464.82
cf. Crocuta sp. or cf. Parahyaena sp. Medial phalanx CD 9792 683.49 227.40 1465.10
cf. Crocuta sp. or cf. Parahyaena sp. Maxilla CD 9805 683.75 227.35 1465.16
cf. Crocuta sp. or cf. Parahyaena sp. Proximal phalanx CD 10969 683.47 228.30 1464.84
cf. Crocuta sp. or cf. Parahyaena sp. Medial phalanx CD 11368
cf. Crocuta sp. or cf. Parahyaena sp. Metacarpal III CD 13352 675.21 226.66 1464.43
cf. Crocuta sp. or cf. Parahyaena sp. Humerus CD 13487 675.97 226.76 1465.35
cf. Crocuta sp. or cf. Parahyaena sp. Humerus CA 19983 722.35 250.01 1469.17
Hyaena hyaena M1 CA 1146 724.12 248.99 1467.98
Hyaena hyaena P2 CD 3209 675.06 225.30 1464.84
Hyaena sp. P4 CD 10964 684.41 228.20 1464.79
Hyaenidae indet. (not Proteles) Deciduous premolar CA 1147
Hyaenidae indet. (not Proteles) Deciduous premolar CA 1215
Hyaenidae indet. (not Proteles) I1 CD 205 681.40 231.99 1465.03
Hyaenidae indet. (not Proteles) Medial phalanx CD 602 680.08 226.47 1465.67
Hyaenidae indet. (not Proteles) Maxilla CD 683 680.85 228.48 1464.80
Hyaenidae indet. (not Proteles) Metacarpal CD 734 677.05 225.84 1465.06
Hyaenidae indet. (not Proteles) Thoracic vertebrae CD 1370 681.07 228.77 1464.81
Hyaenidae indet. (not Proteles) I3 CD 1538
Hyaenidae indet. (not Proteles) Medial phalanx CD 3256 678.47 227.62 1465.22
Hyaenidae indet. (not Proteles) Partial I CD 5988
Hyaenidae indet. (not Proteles) Metacarpal CD 5624 678.54 226.03 1464.18
Hyaenidae indet. (not Proteles) I2 CD 7353 681.61 228.44 1464.16
Hyaenidae indet. (not Proteles) I3 CD 8611 684.06 227.94 1465.03
Hyaenidae indet. (not Proteles) I2 CD 8739 684.37 228.03 1465.05
Hyaenidae indet. (not Proteles) Distal phalanx CD 10971
cf. Proteles sp. Mandible CD 5935 680.66 228.55 1464.02
cf. Proteles sp. Medial phalanx CD 11240 674.16 228.46 1465.79
cf. Proteles sp. Medial phalanx CD 11867 683.46 228.19 1464.42
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variation of extant Parahyaena brunnea (Fig. 1d); CD 19400,
left M1, L 25.5,W 12.6 and Lt 20.2 (Fig. 1k–m). The talonid is
well developed as in Hyaena and Parahyaena, and the speci-
men falls metrically with Parahyaena brunnea (Fig. 2e).
cf. Parahyaena sp.
Material: CD 7334, broken left P3: W 7.2. The specimen
shows some morphological features that may align it with
Parahyaena; CD 8627, left P4. The distal accessory cusp mor-
phology suggests that this most probably is a specimen of
Parahyaena.
cf. Crocuta sp. or cf. Parahyaena sp.
Material: CD 035, left proximal ulna; CD 614, middle
phalanx: L 17.8, ProxW 11.5 and DistW 10.2; CD 633,
proximal phalanx 1, possibly juvenile: DistW 10.1; CD
643, proximal phalanx, missing distal end and portion of
the proximal articulation; CD 696, distal phalanx; CD 709,
right I2; CD 1513, distal phalanx; CD 1527 right radius
proximal end and shaft: ProxW 26.4; CD 1616 middle
phalanx lacking distal end; CD 1950, distal phalanx; CD
1951, right M1 with partial root; CD 3214, partial proximal
phalanx; CD 3270, distal phalanx; CD 3285, proximal pha-
lanx: L 30.3, ProxW 12.8 and DistW 9.8; CD 3713, right
radius distal end and shaft: DistW 38.1; CD 3838, middle
phalanx: L 22.7, ProxW 13.2 and DistW 13.4; CD 3848,
proximal phalanx: L 30.0, ProxW 13.1 and DistW 9.9; CD
3866, left I3; CD 3892, distal phalanx; CD 3894, middle
phalanx: L 18.0, ProxW 9.4 and DistW 8.1; CD 5705,
middle phalanx: L 21.4, ProxW 12.5 and DistW 11.3; CD
5726, proximal phalanx lacking distal articulation: ProxW
11.8; CD 5934 proximal phalanx, proximal end; CD 5950,
distal phalanx; CD 6766, proximal phalanx lacking proxi-
mal epiphysis; CD 6813, left I3; CD 7337, proximal pha-
lanx, distal end and shaft: DistW 8.5; CD 7368, complete
right I3; CD 8295, unciform; CD 8489 metacarpal V, prox-
imal end; CD 8766 right proximal ulna lacking olecranon;
CD 8998 proximal phalanx; CD 9128 metacarpal V, distal
end; CD 9792, complete proximal phalanx: L 30.0, ProxW
13.1 and DistW 9.9 mm; CD 9805, partial right maxilla
with P3; CD 10969 proximal phalanx, distal end: DistW
10.4; CD 11368, middle phalanx: L 17.0, ProxW 10.5
and DistW 9.4; CD 13352 metacarpal III, proximal end;
CD 13487, left humerus, distal end lacking articular sur-
faces; CA 19983, right humerus, distal end: DistW 42.3.
For reasons stated in the BMaterials and methods^ section,
none of these specimens can be definitively allied with
Crocuta or Parahyaena. In some cases, larger sample sizes
may resolve the identities of certain specimens, but for the
time being, we note that there are a large number of spec-
imens pertaining to either of the two genera.
Genus Hyaena Hendey, 1974
Hyaena hyaena (Linnaeus, 1758)
Material: CA 1146, right M1: L 21.9 and W 11.5. This spec-
imen conforms to a large modern H. hyaena both morpholog-
ically and metrically (Fig. 2e); CD 3209, left P2 (Fig. 1g). At
the time of our study, this specimen had unfortunately not
been fully prepared. However, the visible part of the tooth
clearly shows it to have the size and morphology of the P2
of H. hyaena, and we refer it to this species.
Hyaena sp.
Material: CD 10964, left P4. The size of this specimen indi-
cates referral to Hyaena.
Hyaenidae indet. (not Proteles)
Material: CA 1147, deciduous premolar; CA 1215 deciduous
premolar; CD 205, I1; CD 602, partial middle phalanx; CD
683, partial maxilla with root of I2 and left side of nasal cavity;
CD 734, metacarpal, distal end and shaft: DistW 12.7; CD
1370, thoracic vertebra spine fragment; CD 1538, right I3;
CD 3256, proximal phalanx lacking part of distal end, L
25.7; CD 5988, partial incisor; CD 5624 metacarpal, distal
end; CD 7353, left I2; CD 8611, left I
3; CD 8739, central
incisor; CD 10971, distal phalanx.
These specimens are all very poorly preserved and cannot be
definitively assigned to any one of the abovementioned groups.
Subfamily Protelinae Geoffroy Saint-Hilaire, 1851
Genus Proteles I. Geoffroy Saint-Hilaire, 1824
cf. Proteles sp.
Material: CD 5935 is a partial right mandible with C1; Lc 7.7
Wc 5.6 (Fig 1n–p); CD 11240, middle phalanx: L 12.4, ProxW
5.6 and DistW 5.1; CD 11867, middle phalanx: L 10.3, ProxW
5.7 and DistW 4.8. These specimens belong to a hyaenid in
terms of the size of Proteles. The jaw fragment is more robust
than the extant species, and the angle between the horizontal
plane and the symphysis is greater, in which features, it resem-
bles other fossil Proteles, especially specimen S94-199 from
Sterkfontein, Member 5 east (Turner 1997: fig. 4).
Discussion
Five species of Hyaenidae are thus present at Cooper’s Cave.
This is noteworthy for being greater than the total species
richness of the family today. However, it is not unique, as
some others of the better sampled sites in the vicinity of
Cooper’s Cave had similar richness at times dating from the
Late Pliocene to the Early Pleistocene (Table 2). The richest of
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these is Sterkfontein Member 4, from which five species of
large hyaenids have been recovered (but not Proteles).
Sterkfontein lacks H. hyaena but instead has the enormous
Pachycrocuta brevirostris as well as Lycyaenops silberbergi,
a relative of Chasmaporthetes nitidula (Werdelin 1999). The
mix of species at other sites varies as seen in Table 2 but is
always greater than in the modern fauna.
The presence of five species of hyaenid and five large felids
(de Ruiter et al. 2009) from the same site gives rise to numer-
ous questions regarding how the various carnivores behaved
and coexisted in the palaeoenvironment. The dates for
Cooper’s D range from 1.5 to 1.4 Ma (de Ruiter et al. 2009).
Thus, over a 100,000-year period, all five of the hyaenids
found in Cooper’s Cave were deposited, along with lions
(Panthera leo), leopards (Panthera pardus), cheetahs
(Acinonyx jubatus) and the machairodont cats Megantereon
whitei and Dinofelis sp. This suggests that over a geologically
short time period, the habitat surrounding the region supported
the abovementioned species of Hyaenidae, as well as five
large species of Felidae. In order to support these numbers,
the carrying capacity of the land must have been much higher
than that of today or patterns of sympatry were highly com-
plex in time and/or space. Palaeoenvironmental reconstruc-
tions for Paranthropus robustus suggest a mosaic of habitats,
albeit a more open landscape after 1.8 Ma. The landscape
included a diverse vegetation of varying height, including
trees, bushes and grass (Reed 1998; de Ruiter et al. 2009;
Steininger 2011). The vegetation structure supported a range
of herbivores: Cercopithecidae, Equidae, Suidae, Giraffidae
and Bovidae (de Ruiter et al. 2009), which in turn could have
supported a wide variety and large abundance of carnivores.
These indicators of multiple habitat types may have supported
a greater biodiversity of both prey and predator species.
The issue of the greater carnivore species richness in the
early Pleistocene as compared to the modern fauna was dealt
with in a broader context by O’Regan and Reynolds (2009).
Using Sterkfontein Member 4 as an example, they concluded
that the most likely explanation for why there could be a great-
er number of carnivores in Sterkfontein and Cooper’s Cave
and other deposits in the region (and in Africa in general) has
to do with the time averaging inherent in palaeontological
assemblages. This is likely to form a large part of the
answer. However, we should remember that the majority
of the ‘extra’ species, now extinct, were more ecologically
specialised than those that are still extant (Lewis and
Werdelin 2007; Werdelin and Lewis 2005, 2013a). This
suggests the possibility that the niches of the still extant
species were narrower in the Early Pleistocene than they
are today, due to competition with the now extinct spe-
cies. This hypothetical narrowing of niche width might, in
turn, suggest increased carrying capacity of the habitat in
Early Pleistocene times and by extension perhaps greater
primary productivity. This may complement the time av-
eraging suggested by O’Regan and Reynolds (2009) as an
explanation for the greater species richness.
Looking at the Cooper’s Cave hyaenids specifically, four of
the species recovered from Cooper’s Cave are still living to-
day; these are the aardwolf, spotted hyaena (albeit a different
species), brown hyaena and striped hyaena. The aardwolf is a
specialised insectivore (Skinner 2006) and today occupies a
niche much like that which it would have occupied at
Cooper’s Cave and thus is not in direct competition with the
other species. Extant brown and striped hyaenas fill more or
less similar niches in their respective ranges (Skinner and Ilani
1979). The question arises how they coexisted in the Plio-
Pleistocene, since it is probable that competition between
brown and striped hyaenas was a contributing factor to striped
hyaenas going extinct in southern Africa while still occupying
the same niche in eastern Africa, where brown hyaenas are not
present. This may be a case of two species having been present
in the environs of Cooper’s Cave at different times, with the
resulting assemblage time averaged as suggested by O’Regan
and Reynolds (2009).
The ecological niche of Chasmaporthetes spp. is poor-
ly understood. These forms lacked the sloping back of
the extant species of hyaenid, and this, together with the
dentition, which shows convergences towards felids,
clearly indicates that they were not scavengers to any
major degree (although like many species, they would
have scavenged opportunistically). Chasmaporthetes
nitidula is the most derived species of the genus in these
features and would certainly have occupied a niche that
differed significantly from those of Crocuta, Parahyaena
and Hyaena but would have affected them to differing
degrees.
The identification of five different species of hyaenid,
while not unique, as noted above, is important in view of
previously published criteria differentiating between hyaena-
and hominid-collected bone assemblages (Kuhn 2011; Kuhn
et al. 2010; Pickering 2002; Cruz-Uribe 1991). The presence
of deciduous teeth of hyaenids is indicative of the associated
fauna being the result of hyaena denning and bone collecting
behaviours (Kuhn 2011; Kuhn et al. 2010; Pickering 2002).
Thus, we can say with relative confidence that material depos-
ited at the time that CA 1147 and CA 1215 were deposited
was, in all likelihood, the result of denning/maternity behav-
iours of Hyaenidae. It has been shown that the amount of
Fig. 1 Selected hyaena specimens from Cooper’s. a–c CD 8301, left P2
of Chasmaporthetes nitidula in a buccal, b lingual and c occlusal view.
d–f CD 1493/1531, left P3 of Crocuta ultra in d lingual, e buccal and f
occlusal view. g CD 3209, left P2 ofHyaena hyaena in occlusal view. h–j
CD 8286, left maxilla fragment with P2 and P3 of Parahyaena brunnea in
h buccal, i lingual and j occlusal view. k–m CD 19400, left M1 of
Parahyaena brunnea in k buccal, l lingual and m occlusal view. n–p
CD 5935 anterior right mandible fragment with canine of cf. Proteles
sp. in n buccal, o lingual and p occlusal view
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variation between the species of extant hyaenid with regard to
taphonomy and collecting behaviours is vast (Kuhn et al.
2009, 2010; Kuhn 2011). The best example of hyaena behav-
ioural variation has been documented for brown hyaenas,
Parahyaena brunnea. In the Kalahari, the species are a noc-
turnal scavenger (Mills 1990); they are also nocturnal in South
Africa’s peri-urban environments (Kuhn 2014). On the
Namibian coast, on the other hand, they are active day and
night and routinely kill seal pups (Kuhn et al. 2008; Wiesel
2010). One major difference is that in the Kalahari, brown
hyaenas are in direct competition with both lions and spotted
hyaenas (Crocuta crocuta), and in the peri-urban environ-
ments, they coexist with humans and leopards, while on the
Namibian coast, the brown hyaena is the apex carnivore.
Other modern examples of brown hyaena behavioural idio-
syncrasies come from Kruger National Park, where it is
thought to no longer be resident, at least as a breeding popu-
lation, due to direct competition with lions and spotted hy-
aenas (Mills and Gorman 1997).
The basic behaviours of the other hyaenids are difficult to
determine. In recent decades, all Pleistocene fossil Crocuta
have been assigned to the extant species, C. crocuta (e.g.
Turner 1984). However, differences in both craniodental and
postcranial features argue that Early Pleistocene Crocuta in
Africa should be assigned to a separate species, Crocuta ultra
Ewer, 1955 (Werdelin and Lewis 2013b). Thus, the extrapo-
lation of actualism may not be valid for spotted hyaenas.
Morphologically, C. ultra appears in some respects closer to
Parahyaena brunnea in ecology (Lewis and Werdelin 2000),
possibly as a result of sympatry with Chasmaporthetes
nitidula, which would have occupied part of the niche of
C. crocuta today. This makes it still more difficult to under-
stand the pattern of apparent sympatry at Cooper’s Cave and
other South African sites, though C. ultra was a larger and
more robust species than Parahyaena brunnea. The social
behaviour of C. ultra is, of course, unknown, but it is unlikely
to have displayed the extreme adaptations to sociality seen in
the extant species (Lewis and Werdelin 2000). However, be-
havioural traits such as bone collecting and the gnawing of
bones (Skinner 2006; Pokines and Kerbis Peterhans 2007;
Faith 2007; Kuhn et al. 2008, 2009, 2010; Kuhn 2011) would
certainly have been present in this species.
More broadly, it has been shown that there are variations in
the faunal accumulations of each extant hyaena species (Kuhn
et al. 2009, 2010, 2011; Fourvel et al. 2015). These variations
appear to be driven not only by species, but also by environ-
mental conditions as well (Kuhn 2011). Therefore, given sim-
ilar environmental conditions, one should be able to pick up
signatures of each species if, in fact, any of the fossil assem-
blages can be attributed to a single species. Recent work by
Bountalis and Kuhn (2014) illustrated that multiple tapho-
nomic agents will use the same cave over a short period of
time.
Conclusions
Five species of Hyaenidae are identified at Cooper’s Cave,
mainly from Cooper’s D. These include four large species,
Chasmaporthetes nitidula, Crocuta ultra, Parahyaena
brunnea and H. hyaena as well as the small cf. Proteles sp.
The nature of the material, consisting mainly of isolated teeth
and foot bones, with some fragmentary limb elements, pre-
cludes assigning the majority of specimens to species, so the
relative abundance of the included species is unknown. The
species richness of Hyaenidae matches or exceeds that of con-
temporary or somewhat older sites in the vicinity. This excess
Fig. 2 Bivariate diagrams of dental measurements of Cooper’s hyaenas
compared with samples of extant and fossil hyaenas present in South
Africa. Cooper’s specimens indicated by catalogue numbers. Legend:
closed circles Pachycrocuta brevirostris; open circles Crocuta crocuta
(extant); diamonds C. ultra; multiplication signs Parahyaena brunnea
(extant); stars specimens from Cooper’s; squares Hyaena hyaena
(extant); positive signs Chasmaporthetes spp. a Length and width of P2.
b Length and width of P3. c Length and width posterior to paracone of P4.
d Length and width of P4. e Length and width of M1
Table 2 Hyaenidae identified at other sites in the UNESCO Sterkfontein, Swartkrans, Kromdraai and Environs World Heritage Site of similar or
greater age to Cooper’s
Cooper’s
(1.5–1.4 Ma)
Sterkfontein Mb 4
(2.8–2.1 Ma)
Sterkfontein Mb 5
(2.0–1.5 Ma)
Kromdraai A
(2.0–1.6 Ma)
Swartkrans Mb. 3
(1.8–1.5 Ma)
Chasmaporthetes nitidula X X X X
Crocuta ultra X X X X X
Parahyaena brunnea X X X X X
Hyaena hyaena X
cf. Proteles sp. X X X
Lycyaenops silberbergi X
Pachycrocuta brevirostris X X X
Mb member
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richness compared to the modern fauna, together with a sim-
ilar excess of Felidae species, requires explanation. We here
not only agree with O’Regan and Reynolds (2009) that at least
part of the explanation lies in the time averaging inherent in
fossil assemblages, but also suggest that niche breadth of the
species involved may have been narrower (and by extension
primary productivity in the environment greater) than at pres-
ent, leading to reduced species richness in the present day.
The presence of a range of scavenging Hyaenidae in the
region in the past creates problems for identifying the accu-
mulators of bone assemblages. To understand this issue re-
quires in-depth studies not only of the bone-damaging ability
of each species, but also of how this varies with environmental
conditions, including patterns of sympatry.
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